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'  On  the  Geologic  Structure  of  the  Malayati 

Archipelago. 

By 

J.  i  ^'  Koto,  Ph.  D.  Rigakuhakushi,  ■        .  , 
Professor  of  Geolos;}-,  Science  College,  Imperial  University,  Tokyo. 

With  Platte  J., 


'  Tn  the  following  pages,  I  propose  to  give  a  toief  sketch 
of  the  geologic  and  tectonic  structure  of  the  island-world  of 
South-eastern  Asia,  usually  comprehended  under  the  n^me'of  the 
Malayan  Archipelago.-  The  motive  of  my  taking 'up  the  present 
subjebt  was  to  enable  me  to  compare  the  physical  fe^atures  of 
the  island  of  Taiwan  with  those  of  the  Far  Eastern  Indies,  there 
being  much  ih  common  HetWeeh  tliem.  My  notes  have  how  so 
far-  accrued  as  to  make  ine' hope  that  some  service  will  be  done 
by  their  publication  in  a  connected  form.  '  The  greaf  Viennese 
geologist,  Prof,  E.  Suess,  has  ah-eady  drawn  a  lively  picture 'tff 
the  structti're''6f  these  islands,  in  his  'Das  Antlitz  der  Erde,'  atid 
this  I  have  'ttiade  the  foundation  of  my  paper  ; 'but  as  the  Ma- 
layan Archipelago  fills  only  a  small  section  of  his  work,  and 
has  besides  become  much  betier  ,  known  than  it.  was  whe^  he 
wrote  about  it,  I  have  found  > it  necessary  both  to  enUrg'^  ^hd 
to  modify  his  account. 
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I.    Outer  Eastern  Archipelago. 

The  Tangla  Mountains,  in  the  very  heart  of  the  '  Roof  of  the 
world',  l^ing  between  the  Himalayan  and  the  K.uen-jlun  system, 
run  from  W.  N.  W.  to  E.  S.  E.  From  the  region  of  mountain- 
virgation  in  the  East  Tibetan  frontier,  the  Tangla  proceed  in  a 
south-easterly  direction  towards  the  *  peripheric '  region,  and 
then,  turning  to  the  south,  divide  up  into  the  parallel  chains  in 
Indo-China  and  Burma,  which  constitute  what  is  now  known 
as  the  Further  India  mountain-system  of  v.  Richthofen. 

The  westernmost  or  Arrakan  chain,  the  youngest  of  the 
system,  is  built  up  of  non-fossiliferous  sandstones  and  shales, 
usually  referred  to  as  Cretaceous,^^  accompanied  by  serpentine, 
petroleum  wells,  salt  springs  and  mud-lumps.  It,  therefore,  re- 
sembles very  closely  the  Carpathian  ranges,  the  Caucasus,  and  ^ 
some  parts  of  the  Apennines  iii,,. many  geological  features.  It  has 
the  Flysch  facies.  Now,  this  chain  {yoma)  forms  the  starting 
point,  of  the  Malayan  arc  which  goes  through  the  small  islands 
of  Cheduba  and  Reguain,  the  Preparis  and  the  Cocos  to  the 
Andamans  and  the  Nicobars,  and  then  proceeds  to  Babi  (Sima- 
lur),  the  Miocene  coal-bearing  Nias,  and  the  Mentawei  Islands 
(volcanic  according  to  Maass)  as  far  as  Engano.  Along  this  line 
of  elevations,  those  of  Nicobar  (?rowjt?, especially  Kar  Niqobar, 
have  become,  geologically  speaking,  comparatively  w^ell  known, 
through  the  labouis  of  Hochstetter  and  C.  Schw^ger.'^^  The 
geologic  components  of  the  Nicobars  may  be  arranged,  in  three 

1)  Theobald,  Geol.  Sur\  India,  3873.  Lately,  I^oetling  has  revised  the  division  of  the 
Tertiary  system  of  Bnima,  ani  the  Axial  ridge  oY  the  Arrakan-yoma  now  under  consideration, 
and  thinks  ,that  they  belong  t*  the  Cretpceo-Eocene  formation.  Vide  Records  Geol.  Snrv. 
India,  Vol.  XXVIII,  p.  59. 

2)  '  Keise  der  Novara ',  Bd.  II,  p.  83  u  seq. 
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groups,  viz.,  (1)  plutonic  rocks  of  the  gabbro  and  serpentine  clasa 
with  hornstone  veins,  intruding  into  (2)  a  complex  of  micace- 
ous, compact  sandstone,  shale,  marl,  and  plastic  clay,  the  whole 
being  overlaid  by  (3)  raised  coral-reefs.  The  sandstone,  banks 
bear  impressions  of  a  Fucoid,  Chondrites  nicobarensisy  Hochst.  on 
the  plane  of  sedimentation,  like  the  rock  at  Bio-ko-sha'^  on  the 
east  coast  of  Taiwan.  The  plastic  clay  abounds  in  Foraminifers, 
which  belong  to  the  Young  Miocene.  Geologically  important 
forms  among  them  are  Quinqueloeulina,  Bulimina,  Lagena,  Nodo- 
saria,  Oristellaria,  Sphceroidina,  Globigerina,  and  Orbulina, 

To  the  east  of  the  first  chain  there  lies  another,  which 
begins  near  Bahmo  in  the  Yunnan  frontier,  and  extends  south- 
wards between  the  Irrawaddi  and  Sitoung  rivers,  the  relief  be- 
coming lower  in  the  Pegu  region,  until  it  becomes  merged  in 
the  sea  between  the  Andaman  group  a^d  the  Malayan  peninsula, 
which  is  regarded  as  its  continuation.  The  upland  of  Pegu  is 
of  Miocene  age  (the  Pegu  division);  the  loose  sandstones  and 
clay,  of  which  it  is  built  up,  contain  many  small  shark's  teeth 
besides  a  large  Charcharias  {Prionodon  sp.),  some  two  inches  long, 
together  with  Daphoderma  caelata,  Reeve,  Pecten  cf.  favrei  d'Arch. 
and  Haime,  and  Cardium  sp.  Squaline  remain^  occur  particularly 
in  the  upper  Miocene, and  in  the  basal  member  of  the  Pliocene 
(the  Irrawaddi  division)^^  also.  t^UhI 

The  region  lying  east  of  the  Sitouiig  river  seems  to  be 
mainly  Palaeozoic,  and  certainly  proved  to  be  in  part  Carboni- 
ferous. Granites,  old- looking  sandstones  a'ld  slates,  so  says  Sie- 
vers,^^  extend  down  to  Singapore,  and  thence  to  Banka,  Billiton, 

*  The  village  Bio-ko-slia  =  iffi  ^  ait. 

3)  Noetling,  loc.  cit.  p.  63. 

4)  'Asien/ 
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ciiid  finally  Borneo,  unlesp,  according  to  the  recent  researches  of 
Vetbeek  and  Fennema,  Karimon  Java  sliould  be  taken  to  be  the 
true  l^rolbngation  of  the  Billiton  line.^^ 

'  *Tlit3  Pegu  region  and  the  adjoining  countries  are  not  free 
from  traces  of  volcanic  activity.  In  the  neighbourhood  of  Pegan, 
the  basaltic  volcano  of  Puppa-doung,  500  feet  high,  raises  its 
head  from  the  surrounding  Tertiary  formation,  as  well  as  a 
trachytic  hill  near  the  mouth  of  the  Bassein  river.  Connection 
of  these  with  the  volcanoes  of  Sumatra  can  be  traced  through 
Narcondam  and  Barren  Islands. 

Sumatra. 

Sumatfa,  the  sontherii  Continuation  of  Pegu  and  the  Malayan 
peninsula,  shows,  according  to  Sue^s,^^  intrusive  granite,  schists, 
Carboniferous*  and  Tertiary  beds  with  greenstones,  all  thrown 
into  manifold  long  ridges  producing  steep  cliffs  on  the  south 
side,  and  in  the  north  flattening  out  into  a  nearly  impene- 
ttable  but  partly  inhabited  swailipy  -land.  Two  parallel  chains 
of  volcahcies  run  along  tire  aisii^  'Sf  '^ihe  mt)untain  folds,  one  of 
them  n'ear  the  southern  steep  coast,  whose  ejected  matter 
Miocene  andesite,  the  other  lying  fari'iri' the  interior  and  colis- 
titutlng  'a  chaiii^  of  ttfdderti  i^olcaiiods.  ^'Many  transverse  fissures 
cross  the  latter  chain,  along  which  the  seats  of  active  vent  are 
shifting  to  and  fro,  as  in  the  "  Andean  cordillera.  About  nine- 
teen volcanoes  can  be  counted,  of  which  seven  belong  to  the 
active  kind,  Gunting  Korintji  and  G.  Dempo  ^being  lofty  sum- 
mits among  them.  ■ 


5)  *  Description  G^ologicjue  de  Ja\*  et  Madoura.' 

(i)  '  Das  Antlitz  der  Erde.'  '  ...  A  ^,...:[J». 

Upper  Carboniferous  Limestone  with  lusutina,  in  Padang  on  the  west  cuast,.*  ' 
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We  next  come  to  the  Sunda  Strait,  wliciv  the  island  of 
Krakatoa  made  a  sudden  explosion  in  1883. 

Although  the  large  island  of  Java  formed  a  part  of  Sumatra 
at  the  end  of  the  Miocene  period,  it  differs  from  its  western 
neighbour  in  being  built  up  mainly  of  the  Young  Tertiary. 
Palaeozoic  and  gJtill  older  complexes  are  only  found  iif  the  island 
of  Karimon  Java,  off  the  northern  coast,  while  Cretaceous  and 
Eocene  beds  occur  in  insular  patches  within  the  Tertiary  upland 
that  constitutes  the  central  axis  of  the  island  ;  the  south  coast 
consists  mainly  of  Younger  Miocene  rocks,  while  the  north  is  an 
alluvial  plain.  Petroleum-wells  are  located  mainly  on  the  line 
between  Samarang  and  Pembang  on  the  north  coast  in  Miocene 
beds. 

Java  owes  its  special  topographic  relief  not  to  the  sedi- 
mentary but  to  volcanic  formations.  Tli^  enormous  masses  of 
extravasation  and  the  vents  of  volcanic  activity  are  arranged 
linearly  and  correspond  to  the  longest  extension  and  the  central 
axis  of  the  island.  East  Java  possesses  a  double"  series  of  longi- 
tudinal fissures  in  its  crust  crowned  with  mighty'' cones,  oa<* 
among  them  being  the  active  volcano,  Semeru,  whicli  is  tfoe 
highest  elevation  in  the  whole  "sland,  beitig  3,676  metres  abovt^ 
sea-level.  The  two  chains  converge  at  the  tiarrow,  tuiddle  por- 
tion of  the  island  with  the  extinct  Peuususpan  and  Slamat  at 
their  junction.  Their  conjoined,  and  single  fissure  extends 
through  occidental  Java  to  the  well-known  Krakatoa,  and  thence 
to  Sumatra,  traversing  by  the  way  three  volcanic  districts,  where 

7)  Verbeek  et  Fennema,  '  Description  Ueologique  ilc  Java  et  Madoura/  ISOli. 
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minor  fissures  or  lines  of  dislocation  are  oriented  parallel  and 
also  obliquely  to  the  main  line.  The  »Strait  of  Suuda  on  the 
west  and  that  of  Bali  on  the  east  are  also  transverse  fractures 
which  separate  the  opposite  islands  by  narrow  channels. 

There  are  altogether  131  volcanoes,  of  which  we  may  men- 
tion the  following  six  active  ones ;  Rauii,  Lemongan,  Kelut, 
Merapi  in  Solo,  Guntur,  and  Gede,  besides  Semeru  already 
noticed.  The  explosion  of  Papandayang  (?(jrelungung)  in  West 
Java  in  1822  is  celebrated  for  ha,ving , destroyed  forty  villages 
and  left  a  large  lake  in  their  place. 

It  is  to  be  remarked  in  connection  with  the  Javanese  vol- 
canoes, that  the  leucite  -;rocks,  so  rare  in  Asia,  occur  in  the 
island  of  Bawean,  and  in  G.  Einggit  in  East  Java. 

The  Small  Banda  Group. 

..;;^rvThe  volcanic  chain,  hitherto  traced,  reaches  its  end  in 
Pan  tar,  and  the  zoological  boundary  established  by  Wallace^^  be- 
tween Bali  and  Lombok  seerns  to  have  no  geological  significance, 
as  is  also  the  case  of  non-coincidence  between  the  geological  and 
zoological  limits  in ;  the  West  Indies.  Lombok's  neighbour  is 
Sumbawa,  in  which  is  located  the  vent  of  Tembora,  the  only 
match  for  Papandayang  in  Java,  and  well  known  since  its  des- 
tructive explosion  in  131,5,  which  darkened  the  sky  over  3,000 
miles.  FJoris^^is  volcs^niC;  and  its  rocks  are  andesite  and  basalt. 
The  sedimentaries  are  tufife  and  conglomerate  derived  from  the 
effusive  rocks,  and  cemented  by  lime;  the  conglomerate  gradually 
passes  upwards  to  the  coral-reef  limestone,  the  age  p^^  jwrj^ic^li.  is, 

8)  Journal  Eoyal  Geogr.  bic.  186  :,  p.  231. 

1))  Wiclimann,  '  Bericlit  iiber  eine  Lleise  nacli  dem  rndisclien  Archipel.'  Tijdsdir.  v.  h. 
Km.  Nederl,  Acu'cb'ijks^.  Gen.,  1891,  p.  )2.  ..  .'  ■  .  =  , 
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according  to  K.  Martin, post- Pliocene.  A  tectonic  .ine,  ninning 
S.  W.- — N.  E.  at  the  east  end  of  the  island,  carries  three  vol- 
canoes, viz.,  the  smoking  Parampuwan,  Leworoh  which  exploded 
in  ,  1881,  and  Ilimandiri,  besides  Qiinung-Api  (G.  Ija),  whicli 
is  in  the  solfataric  stage.  ■  ' 

Andonara  is  geologically 'speaking  the  exact  repetition  of 
its  western  neighbour.  Here  we  have  the  East  Indian  Stromboli, 
called  by  the  name  .of  Pulu  Komba.  The  reef-limestone  of  the 
island  is  now  considered  by  K.  Martin^^^  to  be  Quaternary, 
though  its  age  was  fixed  form^erly  as  that  of  the  Young  ^lio- 
cene,'^^  supported  by  the  ocourrence  in  it  of  Clementia  papyracea^ 
Gtay,  Ccelaria  singularls  Mart,  and  Ilydonophora  astrceoideSy 
Mart^  but'as  the  first  of  these  still  survives  in  the  neighbouring 
seas,  its  value  as  the  leading  fossil  of  the  Miocene  must  be  of 
doubtful  character.  It  should  be  remarked  by  the  way  that  the 
same 'fossil  bivalve,  from  an  unknown  locality  in  Japan,  is  said 
to  be  in  the  Museum  at  Leiden,  brought  there  by  v.  Siebold. 
Lately,  occurrences  oi  Cl&nientia  hme  been  reported  from  several 
localities  in  the  JSieocene  of  Japan,  and  one  species  is  still  living 
near  the  entrance  of  the  Bay  of  Tokyo.  A  footnote  on  page  136 
in  Wiclimann's  pap3r^^^  has  given  rise  to  much  bitter  discussion 
between  Martin  and  Wiclimann  in  the  ^JVeues  Jahrbuch  fur 
Mmerahgie,^  etc.,  1891-92.  The:  latter^^' taking  into  considera- 
tion rtiie ,  special' stratigraphy  of  these  cora'  limcBtones  and  their 
very  elevated  |)Ositioa  'as  raised  reefsy^  ejitertains  the  view  that 
the  cioral-limestoii^s,  distributed  as  laised  terraces  nearly  through- 

10)  Op.  ciL  (9),    VTi,  1890,  p.  265. 

11)  hoc.  eil. 

12)  *  Tertiarschichtei   auf  Java.'  p.  30. 

13)  Loc.  cit.  (9). 

14)  Tijdschr.  v.  h.  Ken.  Nederl._AardrijksL  Otm.,  Jaavgai\     1892,  p.  248. 
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out  the  East  Indies,  belong  to  the  Neogene  Tertiary.  At  many 
localities,  he  says,  the  porous  limestone  is  covered  with  m^iTh  of 
the  character  of  lagooA  deposits,  and  containing  Forarainifers 
such  as  have  been^  studied  'by  the  late  C.  Schwager'*^^  in  the  marls 
from  Kar  Mcobar,  and  in  the  marls  from  Luzon  by  F.  Karrer/*^^ 
Both  writers  class  the  respective  bed  as  belonging  to  the  i  Young 
Tertiary.  u 

It  may  here  be  pointed. out  that  A.  Agaasiz'P  also  mentions 
raised  coral-reefs  which  form  terraces  of  considerable  heiglit  in 
the  Viti  group,  as  in  nearly , all  iother  islands  of  the  South  Pacific, 
^.nd  he  repeatedly  speaks  of  the  Neocene  age  of  these  limestones 
])ut  only  in  order  to  discriminate  them  from  modern  reefs  which 
have  not  thickness  enough  to ^  give  any  supj)ort  to  thfe  Dapwin- 
Dana's  depression  theory  of  coral  islands. 

The  discussions  about  the  «ge  of  these  coral-reef  limestones 
possess  special  interest  for  us,  because  the  same  formation  recurs 
in  great  exteiit  in  Taiwan  and  the. Hiukiu  islands,  and  the  study 
of  -  these  organogenic  rocks  in.  Ja.pan  has  scarcely  yet  begun. 
yr/WilAyLomblen  and  Parderwe  com.e  to.  the  end  of  the  'great 
Maiayun  arc,  and  now  enter  ihtd'avdifficiilt  but  very  interesting 
part  of  our  theme.  It  is  geir^rally  assorted  that  the  -  girdle  of 
fire'  in  the  west'  Pacific  starts  from  the  Aleutian  Mand.'  alid 
Kauits<;hatka  through.  Japan  and  the  Philippines  to  the  great  aVc 
of  the  Malay  Archipelago j  and 'that  a  line  branches  off  from  the 
volcano,  Dampier,'''^  at  ther  western  extremity  of  Ij^ew  Guinea,  to 
the  Bismarck  Aroh^pel-agO^and  the  Solomons  up  io  New  Zealand, 


15)  '  Reise  «ier  Fregatte  Novara',  Geologischer  Theil,  Bd.  fl,  p.  187  et  , 

16)  V.  Dras(  !ie,j;,'jFragmente  zu  einer  Geologic  der  Insel  L  zon p.  79, 

17)  Amer.  Jour.  Sci.,  February  number,  1898. 

18)  Naumaiin,  'Geognosie',  I,  1858,  p.  92. 
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forming  what  is  coiiipreliended  under  the  name  of  t\.  i  Australian 
volcanic  chain.  L.  v.  Buch  years  ago  pointed  out  thj.t  the  long 
band  of  Asiatic  volcanoes  marks  off  the  natural  boundary  of  ,  the 
Asiatic  continent,  and  this  view  seems  more  natural  than  that 
of  the  Bali-Lombok  line  of  Wallace/^^  based  on  t)ie ,  peculiar 
distribution  of  the  higher  animals.  Wallace  himself  particularly 
calls  attention  to  the  fact  that  his  division  of  the  Archipelago 
into  two  regions,  characterised  by  a  striking  diversity  in  the 
natural  productions  of  the  islands  does  not  correspond  to  any 
of  the  physical  divisions  of  their  surface.  The  volcanic  ch^in 
runs  through  both  regions,  and  geologically  they  are  inseparable. 

Looking  more  into  the  details  of  the  special  position  of  the 
Banda  vplcanoes,  which  is  our  immediate  subject,  we  are  con- 
fronted ^Yith  di{Rculties  in  tracing  out  the  tectonic  lines  of  the 
region,  and  the  views  of  geologists  are  by  no  means  in  accord. 
C.  Naumann'^^  declines  to  admit  the  existence  of  an  independent 
chain  here,  but  sees  in  the  volcanic  island  of  Nila  the.  intersecting 
point  of  his  middle  sys-tem,  tbat  is,  of  his  Formosa-Nila  band  with 
the  Sunda  chain.  Junghuhn,^^^  on  the  contrary,  imagines  the 
Banda  series  to  be  a  prolongation  of  Timor,  which  when  be 
wrote  was  supposed  to  be  volcanic. 

According  ,  to  Wic][imann,f,^  the  great  volcanic  band  of  the 
Sunda  Islands  terminates  in  Panter,  since  the  easterly  islands, 
inclusive  of  Wetter,  carry  no  volcanic  cones  Wetter  being  for  the 
greater  <  part  built  up  of  Palaeozoic  and  Mosozoic  beds.  With 
Roma  begins  a  new  system,  followed  by  Dammer,  Tiow,  Nila, 

19)  Journal  Royal  Geogr.  Soc,  1863,  p.  231. 

20)  Loc.  cit.  (18). 

21)  'Java'  Bd.  II,  Leipzig,  p.  834. 

22)  'Oesteine  von  der  Im^el  Kisser  \  Beitrage  zur  Geologic  von  Ox  sien,  Bd.  II,  Leiden, 
1887,  p.  197.  •        U  :  "     .  .  '  -  : 
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Serua,  Namuk,  and  the  Banda  Islands,  collectively  called  the 
South-west  Islands,  whose  arrangement  is  curviform,  with  the 
inner  side  towards  the  north-west.  All  are  entirely  volcanic. 
An  active  volcano  of  Riadur  crowns  Eoma;  Dammer  has  the 
active  Wuarlili  and  a  few  sol  fa  tar  as  ;  there  are  volcanoes  and 
solfataras  also  in  Nila;  Tiouw  has  its  record  of  eruption  in  1660 
and  1693.  Upon  Serua  are  three  volcanoes,  one  of  which  made 
destructive  explosions  in  1683,  1694,  1844,  and  1862?,  while 
Pulu  Manuk  (Bird  island)  has  a  crater  and  large  deposits  of 
sulphur.  In  a  north-westerly  direction  we  have  the  Banda  Is- 
lands, one  member  of  which  is  Gunung  Api  (burning  mountain) 
which  was  in  eruption  in  1820 ;  and  with  this  apparently  ends 
the  Banda  chain.    We  shall  come  again  to  it  later  on. 

A  glance  at  the  map  will  suffice  to  convince  us  that  the 
geological  position  of  Timor  and  its  neighbouring  islands  between 
the  Banda  and  Sunda  chains  is  a  peculiar  one.  Of  Sumba  or 
Sandal-wood  island  there  is  nothing  known  from  the  geological 
point  of  view,  except  that  its^ interior  is  table-shaped,  fringed  by 
raised  coral-reefs  which  are  overlaid  by  marls;  but  Timor  is  the 
classical  ground  of  geology  in  the  whole  East  Indian  Archipelago. 
Near  the  boundary  between  the  Dutch  and  Portuguese  posses- 
sions, which  divides  the  island  into  nearly  east  and  west  halves, 
several  formations^^^  appear  to  be  fairly  represented,  which,  count- 
ing upwards,  are  as  follows: — (1)  the  Archaean  amphibolite,  (2) 
the  Permian  and  (3)  Trias,  and  finally  reef-limestones.  At  Baung, 
not  far  from  the  well-known  Kupang,  the  reef-limestones  cap  the 
Eocene  Nuramulitic  limestone  with  Alveolina;'^^^  in  other  places 


23)  Wiclimann,  Tijdsckr.  v.  h.  Km.  Nederl.  Aardrijksk.  Gen.,  Jacwgang  1892,  p.  255. 

24)  K.  Martin,  ibid.  1890,  p.  269,  and  Verbeek,  ibid.  1891,  p.  15. 
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granite,  gabbro,  serpentine,  melaphyre-like  rock<,  spherulitic 
quartz- porphyry,  and  Tertiary  effusives  make  their  appearance. 
The  Archaean  is  widespread  in  the  Portuguese  domain;  accom- 
panied by  mica-schist  and  phyllite;  and  it  sc^ems  highly  probable 
that  the  complex  of  crystalline  schists  extends  through  the  islands 
of  Kisser,  Letti,  and  Babbar  as  far  as  Buru,  thus  constituting  the 
second  or  outer  arc  of  the    Banda  chain. 

At  Ajer  Mati,  south  of  Kupang,  already  referred  to,  a  red 
Crinoidal  limestone  crops  out  at  many  points,  which  caused  the 
late  Beyrich^-^^  and  K.  Martin^'^^  to  write  monographs,  to  the  effect 
that  this  limestone  belongs  to  the  Carboniferous.  Lately  Roth- 
pletz^'^  has  worked  over  the  collection  made  by  Wichmann,  and 
has  come  to  the  conclusion  that  here  we  have  the  Permian  or 
Permo-carboniferous  but  not  the  Carboniferous.  The  collection 
represents  a  rich  fauna,  together  with' Ammonites  (Arcestes  mega- 
phyllus,  A,  tridens),  resembling  in  many  respects  those  of  Salt- 
Kange,  Armenia,  and  Texas.  It  is  to  be  remarked  that  none 
of  the  exclusively  Permian  species  of  Timor  occurs  in  Australia 
or  America.  Wichmann  made  a  happy  find  near  Bh;»  *,i  Potti, 
lying  off  the  south-west  coast  of  Timor,  where  a  limestone  abounds 
in  bivalves  upon  the  plane  of  sedimentation.  These  together 
with  other  fossils,  were  also  entrusted  to  Eothpletz' for  examina- 
tion, who  found  many  species  of  Halobia,  31onotis,  and 
nella.  Just  as  the  Permian,  fauna  did  not  show  any  close 
relation  to  the  eastern  (Pacific)  fauna,  so  'also  there  are  no 
relations  between  the  East  Indian  Triassic  fauna  and  that  of 
New  Caledonia,  New  Zealand,  and  Japan,  where  the  3Ionoiis 


25)  Ahhdlg.  d.  K.  Akademie  d.  W.,  1864,  Berlin. 

26)  Beilrdge  zur  Gedogie  Ostasiens  u.  Auslroliens,  I.  p.  15. 

27)  The  American  Naiuralist;  1891,  p.  95^.    Vide  also  Palaonioi/raphua,  Bel.  XXXIX,  p.  59. 
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seems  to  be  represented  hy  the. genus  Fseudomontis.  The  Liassic 
and  Oolitic  fossils  of  Rotti  are  represented  by  Arietiies  geome- 
tricus,  Harpoceras  cf.  eseri^  and  Belemnites  gerardii,  Sawu  is 
geologically  like  E-otti,  I  know  nothing  about  the  literature 
concerning  the  geology  of  Ombaai. 

'  The  islands  Sumba,  Timor.  Ombaai,  and  Wetter  are  remark- 
ably free  from  volcanoes,  though  -  situated  amidst  the  chaias  of 
extravasation  of  subterranean  magma.  They  intervene  between 
the  belts  of  Banda  and  Suiida,  from  which  we  might  witnout 
hesitation  conclude  thut  lli«e  iwo  oonetitute  independent  series. 
On  this  account,  Timor  is  sometimes  looked  upon  geologically  as 
one  of  the  South-west  Islaiid^,  at  other  times  as  a  prolongation 
of  the  Soutli-east  Islands;  of  the  Banda  group.  After  all,  Timor 
and  Sumba  have  not  yet  got, 'geologically 'speaking,  their  position 
as  true  members  of  the  Malayan  Archipelago,  and  they  are 
sotnetimes  even  spoken  of  in  connection  with  Australia. 

Be  that  as  it  may,  the  Bauda  chain  of  volcanoes,  already 
referred  to;  as  circumscribed  exteriorly  by  vthe  similarly  bending 
sbrii'S  of  the^  South-east  Islands  which  begins  either  from  Kissei* 
or  Lotti.    We  T^ill  now' follow  it. 

•^'J^'tKisser  sieems  to  b^  a  mere  cliff  of  crystalline  schistp,  sur- 
rOUrided  by  *  Tertiary 'and  Becent  coral-reefs,  while  Letd  consists 
of  rolling  hills  6f  Midceiie  sandstone  and  marl,  with  an  east- 
west  strike,  Underlaid  by  old  schists.  Moa  is  a  little  large  •,  knd 
geologically  somew^h at  exceptionah  A  lofty  peak  like  Teneriffa 
stands"  on' the  east  coas^  and  is  believed  to  b-^  an  extinct  volcano, 
while  the  low-lying  tract  consists  essential v  of  coral  limestones. 
As  the  next  island  in  the  series  comes  Lakor,  which  is  a  mere 
coral  limestone.  Luang  consists  of  marls  and  sandstones  (Ter- 
tiary?), fringed  with  coral  islands ;  the  s:  me  should  be  thu  case 
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with  Sermatta.  Tertiary  sandstones  with  a  nucleus  probably  of 
crystalline  schists  make  up  the  island  of  Babber.*  l!ie  majority 
of  the  Tennimber  group  belong  to  the  '!|^ertiary  and  Recent 
coral  formations;  and  a  crystalliie  limestone  and  quartzite  have 
been  reported  to  occur  in  Seera,  one  of  the  above  group.  In 
th«e  Kei  Islands,  K.  Martin  mentions  an  occurrence  of  the 
Eocene  limestone  with  Alveolina ;  Koor  resembles  it  in  its,  geo- 
logy, Watu-Bella  Island  seems  to  be  built  up  of  crystalline 
schists  (amphibolites  and  quartzites),  while,  Tjoor  forms  an  ex- 
ception, being  a  volcanic  island,  an  eruption  in  which  in  lo59, 
cahfeed  a  great  damage  to  the  plantaitions.  Ceram^Laut,  Suruaki, 
Goram,  and  Manawoka  consist  of  crystalline  schists,  while  the 
minor  islands  among  them  are  of  Recent  coral  formation.  ■  Mana- 
woka may  possess  an  extinct  volcano,  but  this  is  not  quite  certain. 
Ceram  (Serang)  has,  according  to  K.  Martin, an  equatorial 
mountain,  at  least  in  the  western  half,  is  cliffy  in  the  north, 
and  in  the  south  is  composed  of  hills  of  crystalline  schists  with 
3llluvial  plains  around  coves.  High  mountain' limestone  (the' Burn 
Km^stdne  of  ^ Martin),  and>  another  complex  of  limestone,  either 
Quaternary  or  Tertiary,  seem  to  have  a  wide  distribution,  espe- 
dally  in  the  Buano  island.  vN^eovolcanic  locks  are  scarce,  except 
in- the  south  point  of  Huamaul  or  Small  Ceram:  Wichraann^^? 
ci^tes^the  occurrence  of  granite,  syenite,  qiiartz-poT7>hyry  and  mi^a- 
porphyrite.  The  northern  half  of  the 'sister  island  Buru^^^  appears 
to  be  mountainous,  and  nipde  up  of  crystalline  schist?.  Sandstone^ 
overlaid  by  a  Mesozoic  (Jurasi^ic)  limestone  witii  Ap^ryehtis  and 

*  Au  occurrence  of  the  Jur:t  die  limestone  is  notiwd  )y  Suess,  in  liis  •  Das  Antlitz  dti 
Erde m.  n,  p.  208. 

28)  VerhandJ,  d.  Gesell.  f.  ErdJ  inde  ».  Berlin,  m.  -l,  S.  513. 

29)  '  iieitrage  zur  Geologic  von  Ostasiens  etc.',  Bd.  II,  S.  201. 

30)  M  irtin.  loc.  cit.  (28).  See  al  a  'Keisen  in  den  Niolukken',  Leiden,  I8'J4,  JS.  3G'J,  ll)ciii  iv. 
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BelemnUe,  slopes  gradually  southwards.  The  neighbouring  islets 
of  Buano  and  Kelang  are  geologically  identical  with  Buru,  and 
non-volcanic.    Mampa  is  entirely  unknown. 

Amboina  and  the  Uliassers  are  volcanic,  seemingly  carrying 
some  volcanic  ruius,  though  none  of  them  is  sufficiently  known. 
Nusalaut  consists  entirely  of  pyroxene-aftdesite,  save  a  few  patches 
of  raised  reefs  on  its  shores.  Biotite-  and  pyroxene-dacites  as  well 
as  pyroxene-andesite  build  up  the  south  coast  of  Saparu  and 
Haruku,  likewise  the  members  of  the  Uliassers,  but  the  raised 
coral  reefs,  here  called  .^karang',  of  Tertiary  or  Pleistocene  age 
occupy  the  greater  portion  of  the  insular  areas.  The  same  geolo- 
gic components  prevail' also  in  Amboina,  except  in  the  peninsula 
of  Leitimor,  where  the  Archaean  complex  of  gneiss  and  micgj- 
schists  makes  the  foundation,  penetrated  by  biotite-granite  and 
peridotite.  This  is  in'  turn  overlaid  by  old  sedimentaries  of 
gr6y  limestone,  shale,  ?(nd  sandstone  with  interbedded  sheets  of 
diabase-porphyrite. 

,  p'>>Tkfe  mass  of  Wawani  on  Amboina  proper  is  comparatively 
well  known,'thr6ugh  the  works  of  v.  Buch,  Wallace,  and  many 
Butoh f'writefs,  as  to  its 'supposed  geologic  nature.  Once  it  was 
considered  to  be  a  dreadful  volcano;  in  later  times  it  has  b^n 
rejected  from  the  list.  K.  Martin,  in  his  recent  work^^^  which 
I  am  here  following  in  its  main  points,  endeavours  to  re-establish 
its  active  volcanic  nature  on  the  basis  of  an  old  document  about 
the  catastrophe  of  February,  1674.  A  subterranean  commotion 
had  been  already  inaugurated  in  1671,  and  had  attained  its 
climax  four  years  later,  ca  ising  f^ea- waves,  destructive  earth- 
quakes, and  violent  explosioLS  of  Monte  Wawani.    Despite  his 


■  ol)  *  Reisen  in  den  Mokikken',  Geolop  Lschej  Theil,  l'^^^  Lieferung,  1898,  y.  -id. 
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ingenious  interpretation  of  the  account,  the  phenomena  of  earth- 
ffwake  and  explosion  are  so  hopelessly  interwoven,  that,  from 
reading, his  paper,  I  am  almost  convinced  that  all  were  here 
dealing  no  more  than  a  series  of  violent  earthquake  shocks. 
Our  experience  here  in  Japan  showy  that  destructive  earthquakes 
and  explosions  do  not  fall  simultaneously.  That  Wawani  is  of 
volcanic  origin  and  once  a  seat  of  activity  can,  however,  be 
affirmed  from  the  occurrence  of  pyroxene-dacite  which  moreover 
contains  cordierite"^^^  as  an  accessory.  It  is  very  desirable  to  see 
the  question  of  Wawani  settled,  for,  upon  it  largely  depends 
whether  the  chaiti  of  volcanoes  of  the  Moluccas  and  of  the  Banda 
Sea  have  a  claim  to  separate  existence,  or  are  only  parts  of 
one  system.  v  ' 

r<  rom  the  loregomg,  it  is  evident  that  the  curved  chain  oi 
islands  from  Kisser  northwards,  is  only  the  shattered  relic  of  an 
old  mountain-range,  composed  mainly  of  crystalline  schists  and 
old  massive  rocks,  beset  with  the  Tertiary  limestone  and  modern 
coral  reefs,  with  the  exception  of  a  part  of  Moa,  the  island  Tjoor, 
and  possibly  also  Manawoka,  which  are  said  to  be  volcanic. 

Wichmann  pointed  out  the  existence  of  a  third,  external  zone,, 
which  may  be  indicated  by  a  line,  going  tlirough  the  Sula  group. 
Great  Obi,  Misool,  and  then  a  part  of  \ew  Guinea  and  the 
Aru  group. 

It  has  been  repeatedly -asserted^*^^  that  there  exists  a  close 
resemblance  between  the  Banda  isla  iids  and  the  Lesser  Antilles. 

32)  Vide  Schroeder  von  der  Kolk,  Neues  Jahrb.  fiir  Minerdogie,  etc.  1896.  I.  Bd.  S.  154. 
Japanese  cordierite  occurs  in  tlie  volcaiKjes  ol' Asama,  Iwate,  and  a  hill  near  Nagano  (Prov. 
Nagano),  only  in  the  form  of  white  ejected  I  locks  with  conchoidal  fracture,  but,  so  far  as 
I  know,  has  never  found  in  the  main  body  of  lava-flows. 

33)  Suess,  '  Das  Antlitz  der  Erde Bd.  I,  p.  700.    Ditto,  Bd.  I,  p.  209. 
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Following  an  idea  started  by  L.  v.  Bucli,  Prof.  E.  Saess  recently 
made  a  Critical  study  of  the  geology  of  the  Lesser  Antilles, 
which  has  resulted  in  the  recognition  of  three  zones,  viz.,  (1)  the 
first  or  inner  zone  within  the  concavity  of  tlie  curved  chain, 
which  is  exclusively  of  young  volcanic  origin  ;  (2)  the  next 
which  comprehends  the  mountainous  islands  ;  and  (3)  the  third, 
exterior  belt  which  comprises  the  Miocene  and  Quaternary  for- 
mations. 

We  meet,  according  to  Wichmann,  the  analogue  of  these 
zones  in  the  Banda  Sea  with  the  innermost  volcanic  arc,  cons- 
tituted by  a  chain  of  islands  from  Roma  to  Panda,  corres- 
ponding with  that  of  the  Lesser  Antilles,  caused  by  the  falling 
in  of  the  crust  inside  of  the  above  arc.  This  great  sink  is  itself 
the  Banda  Sea,  and  earthquakes  frequent  the  peripheric  zone,  as 
in  Amboina,  Ceram,  and  other  isles  belonging  to  .the  series.  The 
second  and  even  the  third  zone  can  also  be  made  out,  of  which 
enough  }ias  been  already  said  in  th^  foregoirig  pages. 

We  have  a  striking  representative  of  geologic  homology  of  the 
threefold  concentric  arcs  in  the  Riu-kiu  islands,^*^  which  stretch 
from  the  north  of  Taiwan  (Formosa)  to  the  south  end  of  Kiu-shu, 
in  which  arcs  the  characteristic  three  zones  can  be  more  easily 
recognisable  than  those  of  the  Banda  and  the  Lesser  Antilles. 

It  is  to  be  expressly  remarked  that  in  the  recent  work  of 
Verbeek,^^^  the  voloanic  zone  of  the  Banda  group  is  made  to  go 
round  in  enclosed  ellipse  which  passes  through  the  South-west 
Islands,  and  then  through  Guuung  Api,  off  Lucipara  and  the 
Tortoise  isles,  deviating  from  Wichmann 's  arc. 


J>4)  Koto,  Chishitsu-gaku-Z%sshi  (The  Japan  Geological  Magazine),  Vol.  IV. 
35)  Verbeek  et  Fennema.  '  Description  (jr^ologique  de  Java  et  Madoura 1896. 
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II.  Inner  Eastern  Archipelago 

Within  and  to  the  immediate  north  of  the  gre.  t  Malayan 
curve,  there  are  three  k-shaped  islands,  in  a  line  fro;n  west  to 
east  under  the  equator,  which  have  been  regarded  since  the  time 
of  L.  Horner^^^  as  a  good  example  of  geographic  homologies, 
though  it  afterwards  turned  out  ^  that  their  resemblance  is  only 
superficial,  for  their  inner,  geologic  structure  by  no  means  con- 
forms with  tlieir  outward  likeness.  Those  islands,  H^ilmahera 
(Gilolo),  Celebes,  and  Borneo  represent  old  geologic  blocks  and 
other  relics  of  South-eastern  Asia,  left  as  giants  among  the 
ruins  of  the  long  lost  land,  of  which  the  former  sea-board  is 
clearly  marked  by  the^j^^reat  and  Small  Sunda^, groups,  and  the 
Banda  Islands. 

Tlieir  geologic  relation  with  the  circumscribing  Malayan 
curve  is  not  so  clear,  as  might  be  looked  for,  though  there  exist 
at  several  points  faint  indications  of  their  connection  to  which 
I  may  have  occasion  to  .  refer  in  the  sequel.  But  if  we  turn  to 
the  other  sides,  it  sooii  becomes  evident  that  their  affinity  with 
the  Philippines  is  very  close,  being  linked  to  them  either  by 
chains  of  volcanic  islands  or  series  of  shattered  Cordilleras;  and 
these  geologic  lines  converge  as  we  go  northwards,  presenting 
the  same  feature  of  '  virgation  '  as  in  Eastern  Thibet. 

Borneo. 

Posewitz  provides  us  with  a  concise  description  of  the  topo- 
graphy and  geology  of  Borneo,  so  far  a ,  it  was  known  at  that 

36)  \yichmann,  'Die  Binnenseen  von  Celebes',  Pdennanm  MUtheilungen,  1893,  p.  1.  Peschel, 
*Neue  Probleme'.  Wallace,  Jour.  Roy.  Geogr.  Soc.,  L  ondon.  XXXIII.  Vide  also  Wettstein, 
'  Die  Stromung  des  Festen,  Flussigen  ai;  1  Gasformigen p.  49, 
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time,  in  his  ^Bavneo ,  and  I  cannot  iiere  .do  better  than  follow 
his  work,  supplementing  it  with  a  few  notes  I  have  gathered 
elsewhere. 

Borneo  is  tlie  largest  of  the  Sunda  Islands  and  rather  broad. 
Our  knowledge  concerning  its  geography  is  very  imperfect,  espe- 
cially of  Bern  and  the  *  central  mountain the  only  exception  being 
tlie  coast  region  and  in  some  degree  the  interior  of  the  south, 
and  the  Chinese  district  of  West  Borneo.  Mountains  are  crowded 
together  in  the  north-west,  and  trend  generally  north-eastwards. 
At  about  the  middle  of  the  chain,  one  range  bends  north-west, 
terminating  at  Gaj>e  Datu,  while  the  south-western  brancb  stretch- 
es towards  Cape  Sambar.  Near  the  junction  of  tiie  t^yo,  tte  laiid 
rises  to  a  considerable  height,  the  so-called  *  central  mountains', 
and  culminates  at  the  granitic  or  dioritic  G.  Tedong.  All  t£e 
principal  rivers  of  Borneo  rise  in  this  unexplored  region,  radiating 
towards  the  surrounding  seasi  each  having  an  independent  hydro- 
graphic  basin  of  its  own,  which  nearly  corresponds  to  the  political 
divisions,  into  which  thi,^  large  island  is  divided.  From  the  cent- 
ral water-shed,  the  axial  ridge  proceeds  north-eastwards  to  the 
peak  of  Kina-balu,  4r75m.  High,  the  loftiest  of  the  whole  island. 

Crystalline  schists,  alte  schiefer formation  (probably  the  De- 
vonian), and  the  Carboniferous  built  up  the  above-mentioned 
chains,  with  the  strike  corresponding  to  the  longest  extension  of 
the  mountains,  and  pierced  by  igneous  rocks  of  granitic  and 
dioritic  composition.  Among  (1),  crystalline  schists,  mica-schist, 
hornblende-schist  and  the  itacolumite-like  quartz-schist  are  pre- 
valent. By  (2),  the  alie  schiefer  formation,  we  understand  that 
series  of  rocks,  made  up  of  the  bluish  phyllade  and  siliceous 
slate  which  is  conjectured  by  many  to  be  the  Devonian,  prin- 
eii»:illy  because  of  the  occurrence  of  some  imperfectly  preserved 
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organic  remains.  Tiie  Carboniferous  belt  flanks  the  axial  ridge 
on  the  side  of  Sarawak  and  Brunei,  and  appears  ai^aln  in  a  few 
patclies  on  the  north.  Alternating  layers  of  saiidstones  and 
semi-crystalline  limestone  veined  with  calcite  constitute  the  main 
bulk  of  this  belt,  which  harbours  the  Hora  of  Vertehvaria,  Phyl- 
lotheca,  and  the  bed  in  the  Seba  district  (the  Kinabatangan  river) 
in  British  Borneo  yields  Fenestella  and  Stenopora,  while  that 
of  the  upper  Kapua,  Western  Borneo,  affords  us  Marginifera,  all 
pointing  to  the  rock-system  being  Devono-Carboniferous.  (3) 
Clayrslate  and  siliceous  slate  are  developed  elsewhere  and  consi- 
dered to  have  the  Culm  facies.  These  three  complexes  make  up 
the  elevated  land,  which  Posewitz  termed  collectively  the  highland 
formaiion, 

.Qaite  recently,  the  fimt  find  was  made  known  iu  tlie  Hambas 
district  in  Western  Borneo,  of  the  Jurassic  gvstem  of  which  the 
uppers  series^'^  is.  characterised  by  containing  the  oval  Protocardia, 
^nd  JSxeltssa,  and  the  Lias^^^  by  the  occurrence  of  the  genus  Harpo- 
ceras  of  the  gronp  Mi  radians.  In  the  Residency  of  Sarawak, 
NewtW^^  announced  the  discovery  of  Alectryonia  amor,  D'Orb., 
which  . belongs  to  the  Middle  Oolite.;  This:  is  all  what  we  know 
about  the  Jurassic  systemi  of  whole  Borneo,*  and  this  formation 
seems  to  be  confined  to  the  western  region  of  the  island. 

^i,  37)  Vogel;  S(mniul'iiii)(feii  geol.  Leideiij  Ikl.  V;  S.  128. 

*  38)  Krause,  ibid.,  Bd.  V,  S.  154. 
39)  Tlie  Geological  Magazine,  1897,  p.  407. 

*  As  I  have  mentioned  in  the  foregoing  page  94,  Wi;  hiniann  and  Eothpletz  brought  to 
light  a  few  typical  fossils  of  the  marine  Jurassic,  lielonging  to  the  Malm  and  Lias  in  the 
islind'of  Rotti.<  Since  then,  Martin  and  Vogel,"Kransr  and' Newton  coneideraWy  enlarged 
our  knowledge  of  the  same  system  in  Borneo.  Lately,  Sagjiwa  Aund  out  a  fossil,  closely 
resembling  Alectnjonia  amor,  in  Tosa  in  the  island  of  Shikoku ;  and  IiioUy^  gave  also  notice 
of  the  occurrence  of  Harpoceras  of  the  species  radians,  lleineck,  in  the  province  r)f  Kagato.  It 
is  the  well-known  fact  that  Neumayr  in  his  celebrated  essay  on  the  geographic  distribution 
of  the  Jurassic  F(  rmatiou,  includes  the  entire  region  in  his  hypothetical  8ino- Australian 
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Though  the  Cretaceous  occurs  over  a  limited  space  in  the 
Seberuang,  .^  tributary  to  the  Kapuas  river  in  West  Borneo, 
it  only  became  well  known  through  pieliminary  notes  by  Gei- 
nitz.*^^  Among  the  entombed  remains  idantified,  we  find  Vole  cf. 
quadricostata,  and  Trigonia  cf.  limhata,  indicative  of  the  presence 
of  the  Upper  Cretaceous.  The  typical  Cenoinanian  fossil,  Or- 
bitolina  concava,  Lara  ark,  is  also  found  as  in  the  Javanese  Cre- 
taceous,^^^  and  the  Gervillia  horneenis,'^'^^  Mart.  i.  said  to  occur 
in  the  Sambas  district.  Not  less  interesting  is  tiie  occurrence'*^^  of 
Sphwrulites  and  Radiolites  in  the  south-eastern  part  (Martapura) 
of  the  island.  < 

In  contrast  to  the  Cretaceous,  the  Tertiary  terrene  makes 
up  the  greatest  part  of  the  area,  and  the  outline  of  the  island 
is  indeed  determined  by  the  extent  of  this  formation.  The  high- 
land formation ,  already  referred  to,  occurs  in  narrow  ridgfis.  «and 
sporadic  masses,  sei*ving  as  the  bnck-bone  and  water-shed  of 
great  politico-hy orographic  hasins.  These  geologic  i^'lands  pro- 
ject  out  between  the  rolling  ,  hills  of  th^e  Tertiary  stra  a,t(  which 
elevate ; themselves  as.  Ihey  approach -the  central,  axial  higixland 
chain,  lending  special  topograghic  relief  to  the  asptita  of  the 
country.  Frbmlite  position  the  Tertiary  is  cfi lied  collectively 
the  upland  formation.  Shales,  micaceous  sandstone  and  lime- 
stone prevail  throughout  the  area,  and  fall  into  the  Older  and 
Younger  Series,  ot  which  the  former  may  be  divided  again  into 

■  .■  ■■  '      '>/f.b,  • 

continent;  but  these  variowF  Uiscgv^ries  unfortunately  weaken  the  stjengUi  of  hi-  thco  y,  and 
make  me  almo&t  believe  ine  '  -^eiitral  Mediterranean"  of  the  Jurassic  time  t o  .\ten(-  l'reot!y 
frtMii  the  Atlantic  to  tlie,  Rivific  Ocean. 

^0)  ZeUmhr.  d.  d.  ged.  G '  ell.  1883,  S.  204.      ,  . 

41)  Mi.itin,  ^mdun^eii,  ■ml.  E.-Mm.,  1890.        IV^-  S.  209-231. 

42)  lUd.,  Bd.  IV,  S.'li> 

43)  IhU.,  Bd.  IV,  S.  11 


THE  3IAL  YAN  ARCHIPELAGO. 


three  tolerably  well-defin<id  Stages,  viz.,  {o)  the  lowcsw,  -sandstone, 
the  middle,  marl,  and  {r).  the  uppermost,  limcst<jne.  Tliis 
complex  seems  to  be  developed  to  full  advantage,  and  at  the 
same  time  to  bo  best  known,'^^^  along  the  Riomkiwa  river  in 
Tanah-Laub,  South  Borneo.  The  first  etage  affords  some  technic- 
ally important  coal,  ,  and  i.  characterised  by  the  (Jyrena  bor- 
neemis.  The  marl  etage  is- rich  in  fossils  and  full  of  Orbitoides 
Mid^IAfIioihamnnrai*  W^  bed,  the  horizon  of  the 

limestone  contains  OrbiloideSy  Nummulites,  corals,  and  echinoids. 
Basalts  and  andtsit3s  pierce  all  the  beds,  but  play  only  an 
insignificant  role  in  rock-formation. 

The  Ycunger  Tertiary  is  also  coal-bearing,  and  has  been 
separately  giouped  from  the  Old,  not  on  palseontologic  grounds 
but  merely  on  stratigraphic  grounds,  and  lately,  Vtfrbeek*^^  has 
recast  his  former  scheme,  and  now  etage  ^f-  is  left  to  rest  in 
the  Eocene,  /i-is  assigned  to  the  Oligocene  (Nairi  group  of  India), 
and  r  to  thcj  Younger  Miocene;  the  Younger -Tertiary  will  thus 
be  PliocCxie  beds.  Diluvial  terraces  and  Alluvial  ^wamps,  li  old - 
ing-^j  diamond  and  gold,  fill  np  the  drainage  basin  of  Barito; 
Ka^pua,  Tledjani  ,  Maliakkan,  Berau,  and  Bnlongan,  thrs  CJom- 
pleting  the  geology  of  the  island. 

As  I  have  said  at  the  biitset,' the  principal  direction  of  the 
back-bone  and  also  the  prevaling  strike  of  th^  old  beds  of  the 
island  is  north-easterly.  The  sanie  is  true  ^  of  Uhe  detached 
massesr,  wherever  they  occur,  with  Variable  dips  to  north-west 
and  SOI  i  ch-east.  As  the  greater  part  IStill  remains  Urrd*  ineor/niia, 
the  time   has  not  yet  arrived  to  attempt'*  to  "'unveil  the  inner 


44)  Vf  jeek  and  Bottiger,  '  Die  Eodmfom  ition  von  Borneo.' 

45)  Ne  es  Juhrbuch  fiir  Mineralogie,  etc.,  18'.     1^  p.  (So. 
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geologic  sferucture,  and  I  am  under  the  impression,  after  reading 
Posewitz's  work,  that  even  the  axial  chain  does  not  fall  into  the 
category  of  the  folded  mountain-range. 

Kecently,  quite  a  new  aspect  of  the  g-eologic  structure  of 
Borneo  has  been  opened  by  MolengraafF,''^^  who  was  one  of  mem- 
bers of  the  Dutch  Borneo  expedition  in  1893-'94.  One  of  the 
many  discoveries  he  made  is  the  existence  of  a  chain  of  andesitic 
volcanoes,  called  by  him  the  Muller  Moiin  ains,  along  the  south 
side  of  the  Kapuas  river.  Hitherto  the  rarity  of  neo-volcanic 
ro'jks  has  been  considered  to  be  characteristic  ol  this  large  island; 
but  as  exploration  has  proceeded  our  former  conception  seems 
likely  to  turn  out  to  be  erroneous.  On  the  north  of  the  Kapuas, 
on  the  Sarawak  frontier,  there  exists  an  east-^wb&t  strikin^^  folded 
mountain  range,  consisting  of  slate,  hornstone,  and  sandstone 
(Ealsectzoic  ?).  This  Upper  Kapuairai^ge  seems  to  keep;  its  direc- 
tion far  into  the  Mahakkan  ritfer  district  in  jEast  Borneo  (Kutai); 
and  the  same  holds  true  of  the  volcanic  Miiller  th'din  and  tlie 
Schwauer  ridge,  Th6.  latter  trending  north  -eastwards  forms  the 
political  ^nd  hydrographic  vboundaryi.  of  ohe  Kapua  and  Barito 
ba$ins,'  .and  belo^igs  to  the  cate^6ry  of  tiltM  mountain -ranges 
with  steep  southerly  cliffs,  but  sloping  gradually, to _the  [Jior^h  in 
the  plateau, lik^  upland  of  jthe  Melawi  basin.  Such  a  brief 
account  .of  Molengraaff's  preliminary  notice,  '  differingr  greatly 
&om»former  notions  as  to  this  district. 

After  all,  wo  naust  copfess  that  our  data  are  too  sca^^e  to 
give  insight  into ^  the  geologic  structure.  The  late  Nieumayrl^^ 
rightly  asserted  that  Borneo's  position  in  the  Eastei  !i  Archipelago 


46)  Peternianns  MUiheil  /en,  Bel.  41,  1895,  p.  203. 

47)  '  Erdgeschicht ',  B.'.  II,  1887,  p.  657. 
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bears  the  same  relation  to  tbat  of  Mexico  amidst  the  Andese- 
Rocky  system^  it  being  a  matter  of  great  difficulty  i<  decipher 
its  connection  with  the  neighbouring  great  mountain-systems. 

Whether  the  axis  of  the  Malay  peninsula  sweeps  over  to 
the  Seratus  ridge  of  Borneo,  or  the  Banka-Billiton  line  goes 
over  to  Cape  Sambar  of  West  Borneo,  nothing  can  be  said  with 
certainty,  though  a  mere  glance  at  the  map  would  lead  the 
observer  to  imagine  the  kttter  to  be  the  case,  though  Verbeek^^^ 
beUeves  rather  in  the  prolongation  of  the  Banka  tectonic  line  to 
the.  islet  of  Karimon  Java.  One  point  seems  to,  be  certain,  that 
the  Jngl^^^ii^^l  formation  with  intrusive  granites  represents  the 
tin-bejaring  Bill i ton  and  Banka  with  a  laterite  cover,  exactly 
lii^e  the  opposite  West  Borneo;  and.  the  same  holds  true  for 
the  granitic  ,Jvarimata. 

Cape  Mangkalihat  (Kamiongan)  in  the  Strait .  of  Makassar 
appears  to  have  some  genetic  relation  with  the  north  arm  of 
Celebes  ;  and  the  orographic  condition  near  Darvel  Bay  suggests 
that  a  ridge  goes  through  the  series  of  the  Sulu  Islands  to  the 
south- w^estern  tong-ue.of  Mindanao  from  the  interior  of  North 
Borneo,  but  this  remains  as  a  fancy  until  the  geology  of  the 
intervening  islets*  becomes  known.  The  massive  of  Kina-balu 
in  North  Borneo  should  form  the  continuation  of  the  Zambales- 
Paragua  chain  in  the  Philippines. 

New  I^land.''^^— A  small  island,  about  100  yards  square,  rose 
from  the  sea  during  the  earthquake  of  November,  1897.  It  lies 
to  the  south  of  Banguey,  North  Borneo.  The  ground  is,  clay? 
traversed  by  cracks  from  north-east  to  south-west,  covered,  with 


48)  'Description  Geologique  de  Java  et  Madoura.' 

49)  Tne  Geographical  Journal^  1898,  p.  298. 
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sandstone  and  coral  fragments.  From  the  fissure  inflammable 
gases  are  exhaled.  Its  emergence  was  accompanied  by  two  sea- 
waves,  a  rumbling  noise,  isivell  as  a  furious  wind.  This  shows 
that  the  sea-bottom  between  North  Borneo  and  Paragua  is  geo- 
logically not  quite  at  rest. 

Celebes. 

Stratigraptiically  speaking,"^^^  granite,  greenstones,  gneiss, 
mica-schist  and  quartzite  constitute  the  foundation  of  Celebes, 
overlaid  by  thick,  red  clay,  and  then  "fey  grey  clay,  marl,  fine 
and  coarse  sandstones,  which  msike  alternating  feecls  of  marine, 
lacustrine,  and  terestrial  origin,  harbouring  rich  fossils,  upon 
the  grey' clay  rests  the  thick  Neocene  limestone  of  coral  forma- 
tion, which  in  the  interior  rises  up  to  an  elevation  of  1000 
metres,  while  the  same  rock  on  the  coast  lies  m  direct  contact 
with  t lie  living  coral*  reefs.  place,  there  are  young 

lacustrine  deposits  in  the  form  of  a  fresh- wate/  quartzite,  and 
bog  "iron  ore,  with  animal  and  plant  remains. 

'f'he  main  inountain-ridge  runs  in  the  meridional  direction 
along  the  west  coast  with  north-east  deflection  at  the  north  end, 
the  southern  extremity  being  joined  at  one  point  to  Lombok 
b>y  |a  submarine  plateau,  and  at  another  point  to  Floris,  pro- 
bal)ly  through  ^Tbe*  Saleiyer  isl md.  From  the  middle  of  the 
island  one  arm  of  land  projects  but  to  the  south-east,  and 
another  to  the  north-east,  tlius  giving  a  k-shaped  outline  to 
the  whole  Cslebes.  Both  tongues  of  the  land  belong  to  young 
geologic  formations. 

'fhe  meridional  ridge  seems  mainly  to  ye  built  up  of  pluto- 
nic  and  Archaean  rocks,  which  at  the  north  end  opposite  Cape 


50)  P.  Sarasiu,  Va-JmH.  d.  Gesell  f.  Erdkunde.  z-  Berlin,  XXIII,  1896. 
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Kfimiongan  (Mangkalihat)  in  Borneo,  turiis  .it  fijrt-  north-eftstv 
and  then  due  east,  with  the  tectonic  baeiiXH of, the  (Jul*  ry£i5Comini 
iii;'>itb;e  inner  (south)  &ide  of  thei  n  Qu^iitaiin-curv  -/P.  and  iMf 
S^rasia^^^  crossed  between  Buol  ^nd  Marisa^in  the  estern^  tract) 
of  the  northern  arm  of  Celebes,  and  fouiid  old  orapti 'ea<fjind 
thixjk,  red  (Tertiaryf?)' rclsi}^  in  > the  interior,  with  mo  km  Coral 
Veefs  on  the  shore,  but  not  a  ,  trace  of  neo-volcanic  effusirfes 
The  same  explorers  made  another-  overland  journey  between 
Anvwrang  and  ^Gorontalo,  acjcoss'l  the  northern  i}|)iLmnsul»,  ^di 
naadb,. known  the  existence  of  < a  meridional  tectonic  lincrthrough 
Bolang  and  Malibaga.  The  westerly  region  lying  ' Ix^tw^en  :thib 
lirie  and  the  before-mentioned  Buol^Ma^risa^rea  i»  ocdtipied 
by;  a r  granitic  nuckdSs  with  a  mantle  of  gneiss  ajoxi  shale,  the 
letter  being  overhiid  by  Pliocene  cong^omerate,^^^wJl'ich.  i§..made 
up^of  ' gravels  of  ^hale  and  basaltic  materials^-  Tlii?.  coa^t  is  tevfifyi 
where  fringed  with  ;reoent  coral  reefev'  .rrAn  eqiiat oriajs  i  tren ^dti 
fault .  runs  along  the  south  coast  and  iithe.  Lake>(of  Juim  JOttD, 
near.  jGorontalo  i«  the  ^desepest i  point  of  ihis  r^bicat^cki^e,  depres^^ 
sion^between  the  granitic horsts.'^^^ 

Along  the  before-meiltioned  tectonic  Jine^*'  througii  iiola^i^ 
and  ■  Malibagav  the:  peninsulaf  areay  including  Minaha^su.  ^lang 
atid -Mongondo  has  bejen  depressed,  andviipor  that n  ieu;  cooler 
of  conglomerate  and  Or^Z/M^^^^-limestone^^^  art  heapf^dtup  gvei'^l 
volcanic  rocks,  .by;  which  this  portion  - / of  i  the  island-iifirj  chtir^jp-. 
terised.  The  vMcaaia;  line  traversir>g  .  th^Brportl  j.n  queg(tiflw 
represents  only  ilie  prolongatior  of  a ^  great  earth-fissure,,  which 


51),  52)  Zeiischr.  d.  (j  .<<eU.  f.\  Erdku^  h.  z.  ^er^,  ^^^.'S^ .AS^- 

53)  Wichmami,  Feternnans  Mitieih  <j^^,y,lH93,         )  '  .  " 

54)  P.  II.  F.  Sarasin,  1  \  cit.  {4t  .  ,     ,  ^.  .    .  ,  j'.,^. 

55)  Martin.  JBdlrdge  zur  Q«)lo«fk  Jslcmens,  etc.,  ,Bd;  IIJ  p.  581. 
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aSrvCenteno  Imig  age  pointed  outy  and  is  named  the  Sangi  fissure 
By  Wich\najiii,^*^'  may-vbe  traced  from  the  volcano  Sanguil  in  the 
s(^thern most  point  of  Mindanao  through  Butulan  (Barangami), 
&»N  Awu^^a  Bangi,  G;5  ipi^  ih :  Si^io,  submarine  solfatara  near 
Biitln»bWn(hiu^'^  and  OR  iwang  to  the  mid^esitic  Klahat,  i^okon,*  and 
tl^e  basi^Jtic  Sempu,  in  Minahassa  in  Nopth  Celebes.  The  chain 
with^'Hl even  t  vol caiw)es  turns  in  a  south-easterlv  direction, '^aad 
proceeds  through  Bolang,  Mongondo,  and  then  Boliohutu,  whence 
ft'feav^es  ihe  knd  arid  enters  Tomini  Bay.  TheTonr^ean  Islands 
and  perhaps  Tandjon^  Api/^^  near  Poss,  in  Central  Borneo  belong 
to  this  long  belt. 

By  the  way,  it  may' be »  hoted  that  in  th«  Sangi  beir,  the 
greatest  arnonig;  the  volcanic 'islands  is  Bangi  itself.  It  carries 
Gunung  Awu,'4500iiivi'high.  It  .naJe  eruptions  in  1G41,  1711, 
1812^18)56,  and  so  lately  a«  1892.  ilts  acdvity  is  of  the  Asiatic 
t^eni  Ift'  the  last  erliptian  it  ejected  a  large  quantity  of  ashes 
aild  'fseni  dowJis  voluminous  mud-streams.  It  was  accompanied 
hy>^  shake  over  an  extensive  area,  •  earthquakes  being  fe^  t  in 
Makassar  at  a  distance  of  1,200  km.  from^  S-ingi,  and  even  on 
tjie"fe*>agt  ofi'Ftoris,  'Whei?e^  they  -were  followed  by  sea-^aves.^^^ 

.  'Jhi  Ik  have  sa{d,;tife6  meridional  ridge  of  Celebes  rAnS  ' along 
+H@<  whole  w^^st  ccast,  thei  axis*^'  of^  thefee  '  ' mountains  being  built 
Up^  of  crT^t^lline!  schist,  toui*maline-X]^uartzito,  and  glaueophane- 
schist^^^  penetmted  and  overflowed  by' andeeitt  and  basalt.  The 
whole- -complex  is  flanked  with  tutfs  which  maic^  a  fertile  plain 
atobg  tat  Strait  of  Makjissar.    This  in  turn  is  overlaid  by  the 

56)  Zeitsdkr.  d.  deutsch.  geo!.  Gesdl.,  Jahrg.  1893,  p.  546. 

57)  Wi'  luL:  tin,  NatuurkvLiidig  -^ijdisthrifi  root'  Ned.  Indte,'  Dl.  LVII,    697,  p.  220. 

58)  P.  '  .  I   Sara^in,  ZeMr.  d.  Oek  Lf.  Erdfmnde.  z.  Berlin,  M.    >,  1895,  S.  '^50.  ' 

59)  WiJimi-,  M,  ZeUsehr.  d.  deutsch.  C  yf.  GeselL,  1899,  S.  54;».  < 

60)  ?»ma  u,  Neues  Jahrbuch  f.  Mi  rahgie,  etc.,  189.3,  Bd.  H,"  S.  176. 
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Neocene  Orbitoides-hewiing  limestbne,  forniing  .  n  mknd  dHfA 
Wicbmaiin®^^  found  leuclte  poeks  in^th^  uffe/^whic.  may  jastlft^ 
us  in  sayi»g  that' tlieeeiTOcks  occm*  largely  ftmdYig'^ti'*'iK"Ot canton 
of  this  region.  The  east  chain  of  South  Celebes  run,  paraiW'di 
ta  th<3  west  coast  of  the  Gulf -of  BottiV^^^n^lv' wi<jh  tbe  -  al^ady- 
mentioned  west  range  encloses '"the  long  deAtral:'liabin«  <^f  Wiianff^ 
with  inundation  lakes  of  Temp6  tmd*  Sidenren-g.  •  - 

The  geological^  hi  story  of  ■  Soudi  eeleb<&s,  ideduced  ftom  tl¥e 
toregoing,  may,  fallowing  Wichmanti',  be  sumiinansed  in^lie'fol* 
iowiilg  few  words: v>  The  island  of  ci^ystalline  schist  on  the  w^t 
coast  had  become  faulted,  and  through  the  meridian  fissui^  the 
neo-volcanic  rocks  had  intruded  and  overllow(^d,  and  then  form^ 
detached  islands  fringed  with  the  Neocene  eoiral  reef,  which  'has 
become  now  n  compact  nmestone.  At  the  samii  time,  materiak 
of 'Schists  and  volcanics,  in  consequence  of  transgression ,  Imi 
formed  the  sandstone,  holding  CaU{anasm  'Dijki  Ms,rL,  on  tfeje 
Boni  coast.  At  the  end  of  the  Neocene  time,  a  considerable 
negative  movement  had  caused  detkched  islands  to  unite  into  a 
peninsula;  the  encircling  cor^l,reefp  a;q^  the  th^ck  saiidstone- 
deposits  had  also  risen  from  the  sea.  During  the  e^rly  Pleisto- 
cene time,  furtli^r  changes  in  thp  configu^atiou  of  South  Celeb^ 
took  place,  jf lije  ^sputji  was  ;the  F^ejue^  pf  great  erujptioup  and  b^ 
tl^e  accumujatiou  of  the  matter  ejected  Ifpiopo-Ba+ tang,  well 
as  Bulu  Boute  Uh)ii,.v)5ere  , built  up.  ^Ponteiappraneous  wdtl^  th^^ 
subterranean  conx^lsipns,  the  sandstones  of  the  Boni  coast  were 
folded  and  upi  aisecl,  ^th,^j:eby  producing,  tj^e  tectoniq  val^ley.  of 
Walaune  in  th«  interior.    This  groat  longitudinally  fold r  1  basin 


•  61)  'Le»icitgest«ine  an  der  ^nsel  Celebes  ^  -^^iuurkandig  Ttjdschyt  voor  He  viiwndUck- 
Iidiey  Deel  LIU,  Aflevei  iig  3,  p.  dlo. 
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*<S)  b^  .ittt  <'rice  oecifpied  by  (jhe  ^sea.  'on  tbe  bottoiu  o£  ?fbidi 
Al>-F,le^^c^  ^edimeat  Md  -  deposited,  harboMing  a  ick  fauna, 
seftreely  <lHferini8?  fjpom'tliet  nortf  liying  fauna  'of  the  n  jighbouring 

-vLr,'^l\.f>rHjf  noie  on  Saledydt.  may  be  ooiiveniently  inserted 
in^rC<^naectioiaii,way)!,Gdebe^4!  ilk^^  in  a  straight 

line  of  the  east  e<;)a^t,  jof  Hhen:soujth-vM6st  peninsula  jc£» 5 Ce^obes, 
bat  disjoined riii0in  iti  :}^y)  tJto-  Sth^tv  of  Salbiy^r.  vtfhei (  island 
sti^l&tehes  in] ;«  1 'meridional  direction ''Jtuc^  'is^  '6£f marrow  east-we&t 
tai&^idth,  jivfliJ^r'i^ouatainous,  teastern  -lialf  consists  entirely  of 
audesites^,;0<iid;itrachyte,  which  had  welled  out  from  the  ;m e ridi- 
^al^ rfisaui'Q,  r  fornled^j^t '$h§  htinie.  if^  the'  Gulf  of  Boni  was 
forined-  by  depression  ;  while  the  west  ,  is  irM'ter  flaty  bemg  buiit 
of!  ituffsv' sandstones,  hand  uu' rl$r  }witli  Fnlvinulinrf^  Orbulkia 
ted  (JfoJi^ew<i^  f overlaid nbyj  . the  Neocene  coral  limestcne.  Ig- 
g«|i0UJj»a  ocks  ,form  Vthe  foundation  pi  ..the  whole  island  /'^^ 
.^Idxaebfafj.  M>Oi^  '/l  ■  sd.^ 

1^' likeni^F^  rii  ^g^heml  foi'iflt "  of  Qil^^  Almahera  ii 
Celebes  is  much  closfer  'tWil'  to  the  largest' if  its  sist^;?-  Mands, 
S^'iMlo,  '  owing^"tff^^h6  ' -parallelism  of^ its  firsl&ation-lihes— one 
^akiMlf  tTie'''M6F&e^f'idi6n^ 

iiS^  whM'^efc^to'^|b|rete-also  tKe' forms -  W^a  jfew^  cyf  tihfe^u^igh- 
!Mni$^^  islaKMr  -OaBio;^tliick^  feoVeW^'¥itff^fAr^M,  ^s  a  geb- 
Idgifcaily '  n^feiecte^i  island,'  and  there  4s kinwn  ^bottt 
it'  td  '^tfe  ^jjfecient  irisight7^iiit6'ite  strubttirfe.  Judgiiig- 

fff&^'^    '       ...  '  .  ■  '  '  •  ' 

02)  Scliei)inan  in  Wicliiii.;im's  piii)er,  '.Die  L  puonseen  vo  ^  Celebes',  Petennanns  j.''tthtil- 
umjc'u  MQS,  p.  18. 

< ; ' )  Wvichmann,  >  ■  Qe'  logift  <ler  Insel  Saleijai  NcUunrkmdig;  Tijd,ackrifi  v<m  JSed .  Jndvi, 
1)1.  i  iV,  p.  1. 
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Ill 


l^owwer.  rrot»'t]ie  map  subjoined  Schneider's -piiper/'**^  gianitfe 
and  ynieiamorplic  schists,  together  with- c'  complex  of  limestone, 
appear  'o  build  up  Gilolo,  Batiair,  the  u  ^nrvolcanic  Great  Obi 
(Ombir..),  and;  the  Sula  islands,  all  included  itf*  the  Moliiccas 
or  Spi((i  Islands.  According  to  the. 'rebenr  i observations  of  Kii- 
kentha)  and  Retiigers,^'^  Gih)lo'»  geologic  elc  nents  are  crystalline 
schists,  peridotdt^,  andesite,  md  other  neo-volcaiircs;ibesidi9S  coral- 
limestones.  Batian  is  in  p.irt  andesitic,  with  s.ome  traces  , of.  hot 
s-prings,  and  a  doubtiul  ivolcttnic  cone. 

Along  the  west  coast  o  Giloio,^^^  a  volcanic  chain  sttiarts  frona 
Makian  ^^^and  proceeds,  quite  independent  of  the  3anda  volca- 
noes,. through  Tidore,  Mitara,  Ternate,  and  Hiri,  whence.it  enters 
the!  north  arm  of  ^l=ilolo  which  carries  the  Gunungs  Tala,  Duou, 
Todekkii.  Qnu,  Gumma-Kunurra,  Tuburu,  and  then  passes  into 
the  Tolo  group  near  Gal ela  Bay.  > here  embracing  Tarakan,  Ma- 
nuya,  Tobeio^?  and  Duko-,  the  la^lt  of  which  made  an  eruption  in 
1550,  accompanied  by  earthquakes.^^^  The  andesitic  Tidorei  is  an 
extinct-A'olcanic  island,  .yvitli  hot  springs  near  the  shore.  Makian 
made  eruptions  in  April;  1760,  18197  1846,  and  in  December, 

Tt  .     •       ,  n  /         ■        "  ;   .  f  ■  ' 

64)  Jah'h.  d.  k.  k.  <jcol  Eeichsanstalt,  187(3,  p.  Ilo  et  -^  4. 
'  0^5)^\m  ks'of  bbt1v*\jthors  are  cited^in  K.  M^rtih's  '  .  ^tfen'iW'a^H-  Molukketv',  Geo-ro- 
gificher  T'k  il,  Iste  Lieferun  )  1897.  ^      ;  ,  i 

66)  Wi  uauii,  'Die  1  innenseen  von  Celeheh  ^  I  Pet^  mannas  ^  titihetiiingen,^  t8^i>,  p.  3. 
.;j  67)  K.  >rartiri'in  the  work  cited  above^i  geeras.  to  be,  ,5^  v  .1  bince  vith  Wichuiann  49  to 
the  st?irting  }  wint  pf  tlie  Moluccan  vi^  ^anic  chain.  IVlavtin  i  dispose* I  to  think  the  chain 
jjafeses  Jioutl.  wards  t^roifgli' Bati«n  and  Ma'nipa  Strait  to  VVawafiS*  iii'  AirtfckJitaa.  IV^s  te^t 
ppijif  p£,itfi  a,bst;intial  contiunity,  whicli  seems  to  him  to  withstan^l  .'nv  serious  pbjectic^iis 
that  might  l>e  raised  against  it,  he  \>  duces  the  fact  of  the  sjnichronons  occurreueo  of  subter- 
ranean convalsions;  for,  these  event    happened  almost  siniukarteously:  1 

20th,  May,  1673.  ^Oxplosion  of  the  Gannna  Kuuorra  in  Gilolo. 

12th,  July.  1673.  Earthquake  in  Amboina. 

^2thif  Augus*,' 1673i.      Explosion  ,  bf  Gamma  Lamma  in  Tci  ii  ^e. 
.7th,  February,  1674.    l^xplosimi  of  Wawani  hi  .;\jiiboina. 
68)  "Wichraann,  '  Der)  Ansbmcl  des'Vulkans  Tolo  in  lialmahera',  Zeitsch:  d.  Deidseh. 
geoi.  GmlL  mh  -p'  '^^''  •  >  -       -  "  - 
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1861.  ;  The  active  GammarKuiiorra  exploded  in  1673,  spmiding 
aslies  even  i  to  the  distant  iSangir  group;  ami  T^rnatej )  wliich 
had  sh€wn  activit}^  in  1840,  experijBiiced  a  violent  explosion  also 
in  August,  1673.  Makian,  Ternate,rxind  the  Gamtaia*.  Kuuorra 
aTeUhe  trillings  of  the  Molaccan  volcanoes.  K.  Martin^^)  quotes 
in  his  recent  work;  Valentijn's  words  :  '  Man  aneint  auch,  ;da^ 
dieser  Berg  (in  Makian)  nebst  ^lemjenigen  von  Ternate  und  dem 

Gammacanorre  ,  nur^^ein  und  dasselbe  Grundfeuer  haben^ 

welches  aus  drei  verschiedenen  Oefen  ausbricht  und  ausdampft. 
Bald  gliiht  der  Eine  etwaS  starker,  bald  wieder  der  andre.' 
The  chain  of  volcanoes-  oft  the  Molucca  fissure,  wbich  wc  hatfe 
so  far  traced,  seems  to  touch  Kaib^roan  of  the  Talaur  group, 
whence '  it  j)roceeds  to  Namusa,  in  which  is  situated  the  extinct 
volcano  Mengampit.  The  prolongation  rf  this  line  goes  throsugU 
C^lpe  8.  Augustin  to  the  volcano ^;'Apo  in  Mindanao,  where  the 
volcanic  chain  of  the  Sangir  fissure  from  North  Celebes  unites 
with  this  tectonic  line. 

The  Philippiae-"  Islands. 

Within  the  great  Malayan  arc,  we  have  seen,  there  are 
three  large,  homologous  islands,  Borneo,  Celebies^  and  Oilolo, 
besides  a,  number  of  dependent  isleis,  forming  an  island-w^ rid  Tn 
South-e'ast'  Asia,  attaining  almost  continental  dimension.  If, 
therefoxe,  tha  clain^  ^pf  Australia  to  be  th,^  fifth  division  gf  tjie 
gl6T:)6  is  admittied,  Afallaqe,^"^  wpuld  ask  for  tliis  great  archipelago 
that  it  be  called  the^- sixth. 


The  Burmese  word  yoina  and  the  Moluccan  <famr  i  seeia  i,a  ■  me  to  be  in  close 
phonetic  relation  u'ith  our  yama,  meaning  a  mountain.  '  f:  •  ^  > 

<)*.X)  'Reisen  in  den  Molukken Geolopscher  Theil,  1«    Lieferung,  1897. 
70)  Journal      the  Koyal  Geographical  Society  of  Loi.  Ion,  Vol.  XXXIII,  p.  219. 
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From  the  inner  group  of  the  archipelago,  th.  t  is  to  say, 
Borneo,  Celebes,  and  Gilolo,  radial  ridges  of  corc'^leras  and 
chains  of  volcanoes  converge,  like  the  frame  of  a  fan,  towards 
the  Philippines,  which  therefore,  present  a  variety  of  orographic 
featnreSi  Geologically  they  have  been  reconnoiteredi  by  ;V.  J)ra- 
sche,'^^  and  some  othera,  rTV«hile  ProL  Suess  has  ably  sketched 
the  geology  of  the  whole  Philippinv-^s  from  his  wide  knowledge 
of  the  literature  of  these  obscure  Spaiush  islands.  From  a  study 
of  ihem  we  learn  tlijat  they  have  parallel  ridges  separated  by 
tectonic  valleys,  one  of  which  extends  from  the  Bay  of  Butuan 
to  that,  ot  Davao  iu  Mindanao,  while  another  goes  from  the  Bay 
of  Lingayen  to  Manila,  disconnecting  the  main  chain  of  Luzon 
f rom -  .the  westerly  Z^ni Lnles. 

The  Sierra?  de  Zambaies  is  a  meridiooii-l  ridge,  made  up  of 
an  old  stock  of  gabbro,  serpentine,  and  diabase-like  rock,  besides  a 
red,  hard  silicfeous  slate  {?  Eadiolarian  chert),  and  at  some  place 
^  •limestone  of  unknown  age.  On  ihe  east  side  of  the  sierra, 
the  whole  seemg,  to  lie  overlaid  by  an  cjnoriHous  thickness  of 
trachj^tic  tuffite,  from  which  the  feldspar  iands  are  derived.  The 
latter  cover  the 'flat  and  form  the  ground!  of  Pampanga,  north 
of  Motnija.  Along  the  west  coasBt  near  Masingloc,  a  thinly  bedded 
iHarly  .tXiifite  makes  its.  appearance,  and  attains  a  considerable 
thickness.  This  was  made,, the  subject  of  >&tudy  by  Karrer,  wliLch 
i:0sulted  in :  the  recognition  of  many  species  of  Foramiliifjers?, 
identic'al  with  those  of  Kar  Nikobar,  usualiy  referred  to  tlie 
earli'er  Miocene./''^  The  ^  olcanic,  southern  Zambales  trfends  a 
Uitte  to  the  south-east,  bit  its  main- ridge  runs  close  by  i\m 

/^t-^t-T-  fn\    i  \    ■  :,!■■■ 

71)  'Fragmente  zu  einer  Gvolog  3  der  Insel  Luzon',  1878,  Wien. 

72)  B.  V.  Drasche,  '  Fragm*  ute.'  etc. 
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west  shore,  passes  through  the  ishmds  of  Lubang,  mnd  the 
basaltic  Cal^nnians,  and  fin  ally  reaches  Para gua,  whi6h  sderas  *ta»b^ 
connected  with  the  north  end  of  Borneo.  In  Parf^gua^,  an  old 
limestone  is  said  to  occur.  The  Zambales-Parae-ua  ridge  curves 
qtiite  like  the  coast  of  Annam,  just  as  Ne^  Cctledonia  and  New' 
Zealand  conform  to  thef  outcurve  of  Easteri.  Australasia.  iOh 
"  I'he  ridge  of  Northern  Luzoti  forks  into  two  arms,  Viz.,  thfe 
Cordillora  del  Norte  and  the  Siei-ra  Madres,  with  the  ba»in  of 
the  Eio  Grande  de  Cagayan  between  'th(^m.  In  +he  tobacico- 
producing  region,  Isabella  and  Nueva  Vizcaya,  of ;  that  -  basin, 
especially  in  the  former,  the  earlier  Miocene  tuffit(y,  and  compact 
sandstone  seem  to  have  a  wide  distribution,  as  is  proved  by  the 
occurrence  of  the  typical  fossils,  viz..  Vicar i/a  callosa  Jenk;, 
Ranella  ranionoides,  Ms,:t.,  Bosiellaria  javarha,  Mart.,  just  <ds  in 
Cebu  and  Java.'^^ 

Separated  on  the  east  irom  the  Cordillera  del  Norte  by  the 
Eio  de  Abra  •  and  the  Eio  Agno,  and  on  the  west,  from  the  Sierra 
de  Zambales  by  the  Golf  >  de  Lin gayan  there  runs  the  meridional 
Sierra  Tovalina  through  the.  maritime  provinces  of  tJn ion, '  vi locos 
Snf,  and;Iloeos'^?Norte.  Chlorit'e-schist  and  ^ericite-schii^  seem 
id'  fortii  the  foundation-  of  this  ridge,  as  &<\n  be  seen  in^  b  trs^nS^ 
^se  valley  near  the'  port  of  Vigafi.  ;  This  geological  flrffeud'  of 
crystalline  schists,  which  seem  to  'liave  some  resemblance  -to 
thfe  oldest  rocks  of  Taiwan  (Formosa),  is  concealed  by  its  cbveiang 
of'  the  A gno  bed ,  a  com plex  o^ - sandston e/  and  breccia  derived' 
froni  the  detHtus  of  diabase,  gubbro  and  diorite, ' w^^hifli  Have 
intruded  through  and  overflowed  the  Arch«eicuiM.  At'  a  leit^r 
time,  volcanic  activit\'  was  renewed  through  eruptions  of  trjbchyte, 


78)  K.  Martin,  Sammlungt    des  gedogischen  )7eich»-M'useums  i   Ijeiden,  Bd,  Y,  Heft^  ',  p.*  58. 
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'rkytjSte,  i and  lioVnMende-^andesitS,'*' whose  clemati\  ^  ^ — turfite  and 
inayi;'^^ud  the  contemporaneous  deposit'  of" cdral .^inu-3tone  c()ver 
the'-  gi'featep  * •  part  ^ of  f>  thb^  ■  area;  As  the  subniareion  stiJ \  ^  corti- 
tintiedyWral  ^i^ffe  and- the  l^rec^cig^'of  coral  limeet^tte' were  foMied', 
b^ing'  assodated'W^ith  the  detritfa^'^bi  young  volcanic  ro^jks.  I'-The 
corfiilsJ  Whi(ih  '  a^biil  the  .^i'if)fetr€itiinQ''<-of  Uhfe'  l^ef '8t<#  Grdi^icwa, 
Mmndf''n<i-,>  Pontes  "and  *  fAs&wopofaiw'iiMi'^  sfeatfe^^y'  differ 
fl^i  i  tlie-diying  ^lesj'^^nd  hiive  eVfetr  left^'behind  an  '^toll  Pia 
Trinidad  at^^an  eltvvaition  of  4,()00'feet.  Volcanoete  «eem  not  ^tiit^ 
at  rest,  for  Monte  ^Std  Tomas,  8^,120.  Spaiiish  fe^'high,^it^rt«  'S^^id 
t<)  Imve  made  an  eruption  or  explosion  in  1685'-dr  '16to^.'^'«^^ 

^'  ^Phe^  inland  dieitf  bf  the  fet  kmk,  t/he  Cordflll^ra  del'  N(irt<^; 
i^^(*rtis  iw^inty  to*  'm'^^nade  ii'p^tjf 'tttffit^-aiid-eori^  with  tlie 

extinct  volcano  of  Monte  Date  iii  LefaDtd  its  ^tilher n^rb^ 
longation,  the  Cordillera  Central  is  of  hornhleilde-andesi'te.  ' 

'  '  ^  This  maiH'  W^f te^'n-  <^hain  nieeti^  at  the.  ^^ibbki  "^"-massive  of 
Ojiraballo  Siir  with  the ^ierra>^ Mini re§v^WhiJ3hh1l^nfe  i^*^  tW^uk- 
explored"  east  coast ^of  North  Eliz6n. 

'  •'Rj'is  a  gr^a^  pity»^'that'  "Our  knovvlcd^^  ut  the  gculugy  ol 
f$&ti\i  'Lui:on  Is  meagr^'  and  defective,  4l$at-^W^''S[?ati^^draw^'^o 
infe^^nbe  ffora  it  'abbut  the  gieology  of  Taiwan.'  ■' 


From  the  Caraballo  Sur  massive  which  serves  for  the  water- 
shed  of  all  the  o-reat  rivers  of  Luzon,  the  axial  mountain  ridjire 

*  Oebbecke  has  made  a  'microsc(>j)ic  analysis  of  rocks  i;ollected  by  8eni|>erj  and  h«' 
mentioofes  the  occiir^ence  ^f-ihonibknde  ande^ite  of*  .  pilinie^ioub  struutuiv  in  th^  tiiHrfai'v 
districts  of  (Xiepanto^fipd  Bento|c  in  Novthern  Luzoq,  ;aiid  o^i^  tlie  yojcano^s  oj.j^-^^aj  ^^'^i^^Ui^ 
Labo/lsarog  in  damarin  s,  an^^  m  fiVe" island' or  Y-ryte.  XW'the  rest'  of  tlie  volcanic 
districts  are  mainly  matle  up  of  the  oli vine-bearing,  augite-andesite  of  hyaline .  type. 
Feldspar-basalt  comes  from  Mindanao  besides  andesitc^.  Xeiies  Jahrb.  f.  Mineralogie,  etc. 
Beilage-Band  I,  S,  452  ei  ^eq.  •       -  J      -  l      ..;'>..;,'       .•  Ar  V;\  (iC 
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runs  clos<^>  byvthe  east  shore,  of  the  Lake  of  Bay,  f^ncjl  j trends 
south-eastwarclB.  ;The!{poire^  ofithe  sierra  seems  to  hie  .<?rysta,lr 
line!  schists,  which  occupy  a  considerable  area  to  thei  aort-i-east 
of  Manila,  overlaid  t  in  part  by  the  Eocen^i  Nummulitic  linae- 
stone,  first  noticed  by  v.  Hichthofen'*^  at  BinangonaA^  lOn^fthO 
northern  shore  of  the  Laguna  de  Bay.  On  the  south/,  the  nioim? 
•t^i^f  r^solves  itself  into  at  least  three  parallel  chains,"  as  may 
be  conjectured  from  ^the  outlines  of  th'e  peninsulas "  and ,  islands, 
as  well  as  from  the  direction  of  the  chief  elevations.  The  western- 
most ridge  consists  of  Tabayas,  Burias  and  Ticao;  the  peninsuja 
of  Camarines  constitutes  the  middle;  while  Caramuau,  Batan, 
and  Samar  make  up  the  third  ridge.  The  groundwork  of  the 
Tabayas  peninsula  is  jprystg-lline  schists,  overlaid  on  the  noi^th 
by  the,  tuffite  of  Majayjay,- and  on  the  south  by  the  later  Mio- 
cene or  Pliocene  coral  limestone.  'illibio  * 
As  regards  the  geology,  the  peninsula  of  Camarines  iS;  similar 
to  that  of  the  preceding.  Protogene-gneiss  an4  talc-schist  are 
extensively  developed  in  the  il^laguit: region,  with  aiariferous 
Vpins,  while  the  Pliocene  limestone  makes  up  the  entire  west 
coast.  Workable  seams  of  bro^n  coal  occur  associate  i  with 
the  above  limestone.  Moreover,  Qamarines  abounds, in  volcanoes, 
of  which  we  may  mention  Tetas,  Colasi,  Isarog,  Iriya  v;hich 
made  an  eruption  in  1628  or  1648,  and  lastly  Albay,  jiU  ar- 
ranged  in  one  series  cofresponding  to  the  form  of  the  penin- 
sula, and  constituting  the  Albay  or  Mayon  system  of  volcanoes. 
Albay  is  the  type  of  volcanoes  of  the  Philippines ;  it  presents  a 
beautiful  cone,  and  is  in  a  state  of  const^^nt  activity;  It  has 
ixlia^e  fourteen  eruptions  since  1716,  and  on  the '  26th,  Julf^,' 

-     :)   '.c:.'.    _ 

7^)lZeitschr.  ,    deu/sc^.  ^coZ.^GeseH.,  1862,  p.  358.  .j  -  vT 
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1897,  it  was  again  active,  pouring  forth  streani  of  lava  and 
ejecting  ashes  in  large  quantities.  Liboy  and  'two  o  h^r  localities 
were  destroyed  with  many  of  their  inhabitants.  Vccording  to 
Roth,  Caramuan  seems  to  consist .  also  of  crystalline  schists, 
and  lignite  beds  ;  anJ  this  peninsula,  together  with  the,  islands 
of  Batan  and  Saramar,  makes  thb  third,  easternmost  ridge. 

!<!x,Xhe  form  of  Miisbate  is  geniculate.  Its  peculiar  outline 
ht|8  already  attracted  the  attention  of  v.  Drache.  One  arm  CQp-' 
forms  itself  to  the  prevalent,  south  easterly  direction,  the  othet 
wing  assumes  a  south-westerly  trend,  oriented  exactly  like 
PaVagua.  Thus  the  n>6untain-system  diverges  just  as  in  the 
Eastern  Alps./  Its  geology  is,  however,  unknown.  . 

'  i'  iln  Cebu,  diorite  and  its- tuffs  make  the  foundation,  covered 
tvith'the  Nummulitic  and  the  ppst-Pliocene  limestone,  with  the 
Miocene  marl  intercalated;  between  the  limestone-complex.  The 
whole  has  been  folded  into  parallel  ridges,  corresponding  to 
the  direction  of  the  west  arm  of  Masbate*  Uijlij; 

'{/The  Miocene  lignite  bed*  recurs  here  fts  iii  Camarines.  'Xhe 
same  seam  appears  in  the  Isla  de  Negro,  and  in  Wast  Mindanao 
near  the  :  Bay  of  Bibuguey.  '  It  seems  probable,  as  Suess  has 
rightly  remarked,  that  Cebu,  Negro,  and  West  Mindanao  con- 
stitute an  independent  system;  which  starts  from  Masbate.and 
reaches  Borneo  through  the  Sulu  group.  Sulu  or  Jolo,  th^ 
largest  of  the  group  is  basnltic,  and  fringed  with  coral  reefe. 
The  same  is  the  case  of  Ilo-ilo,  lying  further  aortli. 

Leyte  may  be  considered  as  the  prolongation  of  the  east 
arii.  of  Masbate.   It  is  geolpgically  unknown,  though  it  is  said 

*  The  laarl  ;u  the  coal  mine  of  Alpaco,  298  m.  high,  contains  Vicarya  callosa,  Jenk.,  which 
chairkcterises  the  liter  Miocene  of  the  East  Indian  Vrcliip^ago/ '  K.  Martin,  iyammlwigfin 
des  geologischen  Jleichs-Museusum  in  Leiden,  Bd.  V,  Hei't  3,  p.  60.  The  same  fossil  recurs  iu 
T8uki-;f<>shir  ,^in{>  provinGC,  in  Cei^i^  Japiin.  ^    ^       ^  nJ  .  '  jliI  V'   .<  .Iljcluv 
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that  here  occurs  yliornblmc^-^aiidesijte.  The  eastern  siei'ra  of 
Miada^iaio  .lid^  in,  tlip  dlrectioii  otViili.'  :  The  ridge  is  oomppsed  -  f^f 
a-d  ;oldiJ6la:te/xliojitic  conigionieratdi  (like  ike  A^iio,  bed)>)limeston^^, 
ci«Miii>erpen(rlte»y  Bjeparatecl  from  the  8ierr«rby  the-Biituau-Davad 
tefeifii^^itto^e  itun-s  la  :i^i^^ri^  :mid^  pitrallel  id  the  rformen 

It  is  .aivgbklKprodndtig  (3iaiu,  bEingJbuiHi^iiip  of  quai  tzite "and 
c=fc^iyl^lHte.  aisl-eru  "  aierrar  ends  oAvifciL  iHSape  LBi(i>Augiistin, 

opposite  lOuOilolfiy/ and!  the  iwetyteiii  in  C»pe 

Tiri^av  pojutrttg  i<iuthwHrds  to  Minahafsfcrari  in  North  Borneo,  't  i 
oiil  Itjiaowj  r^niaihs  fof  me  to  consider  tlie  volcanic -chains. 

I'  have  li^kf^ail^  mid;^the/M  fr(!nm  Ma? 

kian,  goes  througk  Temate  and  lfie,  «OTtk?fef;ijrilolo,  then  tlirough 
Tulin*  or  Talabt,]  .a^d  Naii^isa^ilartd  finaH  reaches  ,fch§»  solfataric 
vokaiioy  ^-p^y  •  i^s^''MindanaO>^,pas^  the  way  ja  Volcano 

neinr  Cape<^LAagusti^n  "tiie  SKngirJ  dhaiil^'^ooi  flh^l  iDtaeri  hand', 
ediiiPBsi ffroip the  north  feini  of  iBonieoi  mid >  pa!ss3es  jlharbughlKuHng,' 
Siao,  Sangir,  Butulan  (Barangfini),  and.  the  volciino  Sahguil  neaif 
Gape  Tinaoa,  ,  andrlinally  uniteis  with  tlic  Molucca  syst^n^^t  Apo, 
9^000  ft.'4igh7-the  loftiest  coi^e*  of  ' tkl  Philippinesrr :  The  nnited 
chdin  reaches  'the'vojcano  of  Camingmn/*inMButuan.Ebay,:an 
ialandoforn^ed  ih  1871,  accompanied  by  agreat  feruf)ti^r  r  lt  furtlter 
fon^iieB  Hhibl  tiiacbytici,islajid^»:df' Biliran^  lyhig 'to.:the  north:  of 
Leyte;'"'' and 'then'  continues  to  ^the  Alba^  chain  r  of  ( Oanmrinee, 
a:ft:esudy  referred  to-  .  Tha  crater  of'  .Gagua,  near  Gap^Ujogano;  iri* 
North  LuzoiV'Jmay:  be  Tld^oked/upofi  asr  its  prolong  aii'^  the 
ii&ie^>'feliaili  goes^.  thibligh  thfe  Babiiya]is,-  LBatan6, /and  thne-  Bashi 
I^te.nds.  t  lit^'kaiv'es,' then  the  Ehiligpines,  .and[entei's:,yi*  island  of 
Koto-sho  (Botel-tobago)  of  the  new  Japanese  domain.  The  island 
o£  Gk^'O  of  tte'Babiiyaiij^rou^  'i'^''  sard  to^  ufee  ^ai  k^tjr^  active 

^-.rr-oi  Ha^iy  •^'.ri^  v'T     .  )n  ji-.i  ,V  .-U  -^^l  m"<  •-->;.;.•.;..■'"..         .  ■^■,,v 

volcano,  which  serves  the  purpose  of  gig^fcntac,aatnr^l.lj^l;iWxQUSe;. 
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In  conclusion,  I  must  not  forget  to  mention  the  very 
important  volcanic  group  of  Laguna.  Lying  between  the  Zam- 
bales-Paragua  cordillera  on  the  west  and  the  main  sierra  on 
the  east,  that  portion  of  South  Lu^oi;i,  lyin^  to  tha  smith  ot 
Manila,  was  submerged  during  post-Eocene  time,  and  then; 
effusive  rocks  got  piled  up  at  different  periods,  creating  the 
andesitic  Majayjay  and  the  basaltic  Taal.  Or^  this  account,  a 
l^brtion  of -the  .sea.  became  barxed  in,  forming  the  Lake  of  Bay, 
and  th(^  My  of  Manila  iin  ttie  north.  The  water  "  of  Bombon 
^^lould  be  considered  as  a  crater-lakq,  '  in  th^' middle,  of  which 
appears  the  central;  cone  of  .Taal,  , which  is  constantly ;  emitting 
steam  and  vapours.  Besides  these  two  volcanoes,  there  are 
Magniling  and  Sosoncambing,  each  having  its  o^^ri  draiter.  The 
andesitic  Arayat,  north  of  Manila^  is  ap  extinct  crater,  and  the 
cbne  of  Halcon  in  Mindoro,  is  the  second  in  height  of  all  the 
yo|cances  of  the  Philippine  Islands.  '    '  j'  -i^ 
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This  Plate  is  based  on  the  map,  Bijlage,  I.,  '  Kaart  van  den  Oost- 
Indischen  Archipel/  subjoined  to  the  recent  work  of  Verbeek  et  Fen  n  em  a, 
Description  geologique  Ue  Jdva^  et  Mddouni,  T  consulted  also  Berg- 
hau3*s  PJ^ysikalischen  Atlas,  Gewdsserkunde,  No.  X.  Tectonic  lines  and 
the  zones  of  volcanoes  of  the  Sangirs,  the  Moluccas,  and  the  PhLli])pines 
in  the  map  are  my  own. 
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